A long standing question in the field of heavy-ion collisions is whether charm quarks are ther- 
. However, most of the common observables are not particularly sensitive to the EoS [35, 39, 43, 44] and while v 1 is known to be sensitive to the EoS [45] [46] [47] [48] [49] [50] , it is influenced by a complicated mix of eccentricities [51] . Besides, momentum conservation must also be considered [52] , making it a poor choice for constraining the EoS. In this letter, we point out the high sensitivity of event plane correlations, differential flow, and factorization breaking to the assumptions regarding the flavor number of thermalized quarks in the EoS. We find that the EoS with thermalized charm quarks significantly improves the fit to v n (p T ) at LHC run 2. The scaling behavior from PbPb to XeXe is also significantly affected by the EoS so we make predictions that, if confirmed, could be a further proof that charm quarks are thermalized at the LHC. [6] vs. the 2+1+1-flavor EoS from the quark epoch in the Early universe from Ref. [8] Because of the large mass of the charm quark (m c ∼ 1.3 GeV), it is commonly assumed that charm quarks would only be influential at temperatures close to T ∼ 1.3 GeV. Contrary to that assumption, in [8] it was shown that thermalized charm quarks could influence the thermodynamic properties at temperature even below T 300 MeV, which are reached by both RHIC and LHC energies, as shown in Fig. 1 . In Fig. 1 we show the parameterizations of the trace anomaly for the two different equations of state used in this letter, compared to the latest Wuppertal-Budapest collaboration data for 2+1 flavors [6, 53] and 2+1+1 flavors [8] . We complement the lattice QCD results at low temperatures through a smooth merging to the Hadron Resonance Gas model, for which only the most up-to-date particle resonance lists are used throughout the paper, the so called PDG2016+ from [39, 54] . Based on our two parameterized EoS we see a 14%, 40%, 70%, and 102% increase in the trace anomaly of the 2+1+1-flavor EoS over the 2+1-flavor EoS at temperatures T = 300, 400, 500, and T max ∼ 600 MeV is reached, it is likely that the influence of thermalized charm quarks can be measured.
We use event-by-event fluctuating initial conditions generated from the TRENTO model [55] tuned to IP-Glasma [26] i.e. p = 1, k = 1.6, and σ = 0.51, which are known to successfully reproduce the experimental data [39, 40] . A very fine initial grid size of the initial conditions is set to dx = dy = 0.06 fm at AuAu 200 GeV and dx = dy = 0.05 fm at PbPb 5.02 TeV and XeXe 5.44 TeV and 35,000-50,000 initial conditions are generated at each energy. Here only deformed XeXe events are used [56] . We use the relativistic viscous hydrodynamics code, v-USPhydro, to evolve the initial conditions on an event-byevent basis. Hydrodynamics is switched on at τ 0 = 0.6 fm for both RHIC and LHC, where it is evolved with the smoothing parameter h = 0.3 fm (see [57] [58] [59] for more details). At the switching temperature T SW = 150 MeV the fluid is hadronized using Cooper-Frye [60, 61] . The resonance decays are described using an adapted version of AZHYDRO [62] [63] [64] with the full PDG2016+ particle list. Further details on the inclusion of these new resonances and their decay channels can be found in [39] . In the following, if high statistics is needed for a specific observable, we always show the effect of our sample size via jackknife resampling.
For the time being, no bulk viscosity is considered, which we would expect to alter our p T results and possibly to the slope of v n (p T ) [57, 58, 65] . However, we would not expect a need for a large ζ/s in our set-up because we have a reasonable fit to p T already [39] .
Additionally, hadronic transport (such as UrQMD) is not considered because this would require adaptation both of our particle resonance list to only include 2 body interactions as well as an adaptation of UrQMD itself to include these new states, which is outside of the scope of this paper. At RHIC η/s = 0.05 for both EoS and at PbPb 5.02 TeV and XeXe 5.44 TeV η/s = 0.047 for EoS 2+1 and η/s = 0.04 for EoS 2+1+1. The values of η/s were chosen by comparison of integrated v 2 {2} and v 3 {2} to experimental, as discussed in [39] .
All results shown here are predictions entirely based upon this previous set-up established in [39] . Differences between the spectra and integrated flow harmonics are negligible at both The primary difference between the 2+1-and 2+1+1-flavor equation of state appears at high temperatures, so we do not expect a significant difference in flow observables at RHIC.
Indeed, for integrated flow observables in [39] no differences were seen between 2+1-and 2+1+1-flavors, regardless of energy and system size. Additionally, we do not observe clear differences in the differential flow observables nor in the factorization break at RHIC (see Appendix A). The only observables that do appear to have any sensitivity to the difference between the two EoS's are the event plane correlations measured by STAR [67] . Event-plane correlations were first measured experimentally by the ATLAS collaboration [68] , that also suggested the alternative normalization [69] . In [67] only the numerator is measured, namely
and our prediction from thermalization of charm quarks at RHIC. However, at the moment the experimental errorbars are unfortunately quite large. For this reason, we explore flow observables at the LHC.
In Fig. 3 the differential flow of v n (p T ) for n=2,3 is shown. Notice that all theory calculations use the scalar product [71, 72] 
with multiplicity weighing and centrality rebinning [33, 34, 73] . Comparing to the experimental data from ALICE [41] , we find an excellent agreement for the 2+1+1-flavor EoS, while the 2+1-flavor EoS fails in peripheral collisions. Part of the difference can be attributed to the 15% smaller viscosity needed for the 2+1+1-flavor EoS to fit integrated flow harmonics and because nonlinear effects are largest in peripheral collisions [74] . The 2+1+1-flavor EoS consistently produces a larger v 2 that matches the ALICE data across a range of centrality classes in peripheral collisions, which makes a strong case for the thermalization of charm quarks.
Because v n (p T ) in peripheral collisions appears to be sensitive to the EoS, we study the effects of system size scaling. XeXe collisions were ran this year at nearly the same energy as Finally, we study the dependence of the factorization breaking [75] for p a T = 3 GeV of the elliptical flow
on the EoS and find that central collisions appear to be strongly sensitive to the EoS in both PbPb and XeXe: we show this result in the factorization breaking is also strongly dependent on the initial conditions [76] while also displays some dependence on the hadronic rescattering [36] and smoothing scale [77] and it is not clear yet how these effects scale with the system size. However, the sensitivity of a variety of flow observables to the inclusion of thermalized charm quarks in the EoS can only be quantitatively addressed via a global analysis across multiple energies, centrality classes, and observables.
In conclusion, the results of this letter demonstrate an entirely new approach for answering Fig. 8 and Fig. 9 . We note that both equations of state match experimental data points at STAR reasonably well in Fig. 8 and we make predictions for the factorization breaking at RHIC in Fig. 9 . window of 10%, it may either be averaged over the entire centrality window or it could first be separated into 1% centrality bins that are then later recombined into a 10% . The STAR measurements in [67] did not implement centrality binning, so in Fig. 12 we explore how that would affect the final results. We find that C 336 is affected by the centrality binning in for the 2+1-flavor EoS from [6] , and the 2+1+1-flavor EoS from [8] . for the 2+1-flavor EoS from [6] and the 2+1+1-flavor EoS from [8] .
central collisions but generally the three different methods overlap in error bars. 
